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Running head: Temperature and birth outcomes 
 
Abbreviations: 
AIC - Akaike’s information criterion  
CI – confidence interval 
CO – carbon monoxide  
HR – hazard ratio 
IQR – inter-quartile range 
NO2 – nitrogen dioxide  
O3 – ozone  
PM10 – particulate matter with a diameter less than 10 µm 
PM2.5 – particulate matter with a diameter less than 2.5 µm  
ppb – parts per billion 
ppm – parts per million 
SO2 – sulfur dioxide  
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Abstract:  
Almost 10% of all births are preterm and 2.2% are stillbirths globally. Recent research has 
suggested that environmental factors may be a contributory cause to these adverse birth 
outcomes. The authors examined the relationship between ambient temperature and preterm 
birth and stillbirth in Brisbane, Australia between 2005 and 2009 (n = 101,870). They used a 
Cox proportional hazard model with live birth and stillbirth as competing risks. They also 
examined if there were periods of the pregnancy where exposure to high temperatures had a 
greater effect. Exposure to higher ambient temperatures during pregnancy increased the risk 
of stillbirth. The hazard ratio for stillbirth was 0.3 at 12 °C relative to the reference 
temperature at 21 °C. The temperature effect was greatest for fetuses of less than 36 weeks of 
gestation. There was an association between higher temperature and shorter gestation, as the 
hazard ratio for live birth was 0.96 at 15 °C and 1.02 at 25 °C. This effect was greatest at later 
gestational ages. The results provide strong evidence of an association between increased 
temperature and increased risk of stillbirth and shorter gestations. 
 
Keywords: Premature birth, Stillbirth, Fetal death, Weather, Temperature, Survival analysis 
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Worldwide, almost 10% of all births are preterm (1) and 2.2% are stillbirths (2). Preterm birth 
can cause adverse health outcomes later in life including cerebral palsy (3), impaired vision 
and hearing (4, 5), reduced height and weight (6), educational problems (7), and also places a 
great financial burden on society (8). About one-third of all stillbirths are unexplained (9) and 
new research is needed to identify modifiable risk factors. A recent review suggested that 
maternal exposure to high ambient temperatures can adversely influence birth outcomes (10). 
In the context of climate change (11) it is now critically important to identify any association 
between maternal exposure to ambient temperature and the risk of adverse birth outcomes. 
Few researchers have examined the association between ambient temperature and preterm 
birth. In Greece, mean ambient temperature was reported to be negatively correlated with 
gestational age (12). Basu and colleagues in California, USA, recently reported an 8.6% 
increase in preterm births when the temperature increased by 10 °F the week before birth 
(13). Lajinian and colleagues in Brooklyn, USA, found an increase in the rate of preterm 
labor from 1.2% in the period with lowest heat-humidity index to 3.0% in the period with the 
highest index, but did not find an increase in preterm birth (14). Similarly, Lee and colleagues 
in London also found no association between ambient temperature and preterm birth (15). No 
previous studies have accounted for the fact that the likelihood of giving birth increases with 
increasing gestational age (16), and pregnancies ending in preterm delivery have shorter 
exposure than longer pregnancies (17). Also, no studies have been published on the 
relationship between maternal exposure to ambient temperature and stillbirth.  
We investigated the relationship between maternal exposure to ambient temperature and the 
risk of preterm birth and stillbirth. To avoid the bias posed by different gestational ages, we 
applied a Cox proportional hazard model with gestational age as the time axis (17, 18). 
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MATERIALS AND METHODS 
Birth cohort  
We examined births in Brisbane, Australia, a subtropical city of two million people. We used 
all singleton births from the Queensland Perinatal Data Collection Unit during 1 July 2005 to 
30 June 2009. This register contains births from all public hospitals, private hospitals, and 
private midwifery and medical practitioners (19). The outcome variables were live birth and 
stillbirth. Gestational age was determined by clinical assessment at birth, as the last menstrual 
period was missing for 29.1% of the births and may be an unreliable measure of gestational 
age (20).  
In Australia, stillbirth is defined as death before delivery at more than 20 weeks of gestation 
or more than 400 grams birth weight (21). Births of less than 20 gestation weeks are 
considered abortions and are not included in the register. We also requested the variables sex 
of the infant, maternal age, maternal smoking, maternal marital status, Indigenous status, and 
pregnancy complications (pre-eclampsia and pregnancy-induced hypertension). 
Some women were pregnant at the same time as members of our cohort but gave birth before 
our study started, and hence we had no information on their birth outcomes. Similarly, we 
had no information for women who were pregnant at the end of the study but gave birth after 
the study ended. Non-inclusion of these births might bias the estimated effects of time-
dependent exposures, such as season and temperature (22). In a previous paper, we referred 
to this as the ‘fixed cohort bias’ (22). The bias is caused by unknowingly missing whole 
pregnancies, so it cannot be solved by standard survival techniques using censoring. The cost 
of avoiding the bias is a reduction in sample size as births were only included with a 
conception 19 weeks (shortest pregnancy) before the cohort started and 43 weeks (longest 
pregnancy) before it ended.  
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Temperature and pollution exposure 
Hourly data on temperature, relative humidity, and air pollution were provided by the 
Queensland Department of Environment and Resource Management for five pollution 
stations.  
As previous studies have shown that increased air pollution adversely affects birth outcomes 
(23, 24), we used hourly values for particulate matter with a diameter less than 10 µm (PM10), 
particulate matter with a diameter less than 2.5 µm (PM2.5), nitrogen dioxide (NO2), carbon 
monoxide (CO), sulfur dioxide (SO2), and ozone (O3). We calculated the weekly mean 
temperature, relative humidity and pollution for each pregnancy from week 15 of gestation (4 
weeks before the shortest pregnancy of 19 weeks) to birth. We had no addresses for the 
women, and therefore could not estimate any spatial variation in exposure. Hence we only 
examined the temporal variations in exposure. 
Statistical analysis 
We fitted a Cox proportional hazard model with gestational age as the time scale and the 
outcomes of live birth and stillbirth. In each gestational week, a woman could either remain 
pregnant or give birth to a live infant, or a stillborn infant. Live birth and stillbirth were 
therefore competing risks (25). We fitted temperature, relative humidity, and pollution as 
time-dependent variables by using their levels in the previous 4 weeks for each week of 
gestation from week 15 until birth. To examine an acute effect of temperature we also 
examined exposure during the previous week. For temperature, we used a spline with three 
degrees of freedom to allow for a non-linear relationship between temperature and birth 
outcomes (to model potentially increased risks at cold and hot temperatures). We defined the 
mean temperature (21 °C) as the reference temperature. We assumed a linear association for 
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relative humidity. The levels of temperature, humidity and pollution in the previous four 
weeks were modeled using a linear distributed lag (26). 
We adjusted for important sociodemographic variables including the sex of the infant, 
maternal age (which may be associated with socio-economic status), maternal smoking, 
marital status, Indigenous status, and pregnancy complications (pre-eclampsia and 
pregnancy-induced hypertension). Both young and old maternal ages have been associated 
with adverse birth outcomes (27, 28), so we used a spline with three degrees of freedom to 
model a non-linear relationship. To control for the seasonality of preterm birth and stillbirth, 
we included the time-dependent variable ‘month’ (using the week of gestation from week 15 
until birth). We controlled for any long-term trends in gestation or stillbirth by including a 
spline with two degrees of freedom because we expected any trend over four years to be 
smooth. The survival models were fitted using the ‘survival’ package of R (version 2.11.1).  
Ambient air pollution and temperature are often correlated (29-31). We estimated the 
correlation between weekly exposures using Spearman’s correlation (as some of the pollutant 
distributions were skewed). To avoid problems arising from co-linearity from multiple air 
pollutants, we included one air pollutant at a time in the survival models. Temperature and 
humidity were in every model. We assessed goodness-of-fit by ranking the models according 
to Akaike’s information criterion (AIC). We plotted the residuals of the best-fitting model 
against its predicted values. The plot of residuals was random, with no discernible pattern 
indicating that the model was an adequate fit. We considered a two-sided P value of less than 
0.05 to be statistically significant. 
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We examined the effect on live birth and stillbirth in three gestational periods defined by the 
World Health Organization: extreme immaturity (< 28 completed gestational weeks), preterm 
birth (28–36 completed weeks), and term birth (≥ 37 completed weeks) (32).  
The key statistics were the hazard ratios of live and stillbirth (compared with remaining 
pregnant) for changes in temperature. A hazard ratio above 1 represents an increased 
probability of stillbirth or live birth. For live birth, a hazard ratio above 1 corresponds to a 
shorter gestation.  
Missing data 
There were few missing data with the exception of last menstrual period for which 29.1% 
were missing. We randomly imputed the other missing values in the on the basis of the 
marginal distribution for each variable. For example, 17.2% of women in our cohort smoked 
during the pregnancy, so missing smoking data were randomly imputed with a probability 
0.172. This imputation was repeated five times, and the estimates were combined using the 
‘mitools’ package in R (33). 
For the weather and air pollution variables, some hourly values were missing from individual 
weather stations. We randomly imputed any missing station data using a model based on the 
observed data from other stations at the same time. This imputation was repeated five times. 
We then calculated the daily average for each station and the average across the stations on 
each day. 
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RESULTS 
A total of 101 870 births were included. Of these, 653 (0.6%) were stillbirths. The gestational 
age ranged from 19 to 43 weeks, and the mean gestational age was 38.9 weeks for live births 
and 27.7 weeks for stillbirths. The demographics of the cohort are in Table 1.  
[Insert Table 1 here] 
Table 2 shows the monthly mean values of the weather and air pollution variables. Brisbane 
is a subtropical city with high temperatures and humidity but low air pollution levels 
compared with many US or European cities. 
[Insert Table 2 here] 
Table 3 shows the correlations between weekly exposures of temperature, humidity and air 
pollutants. There was a strong negative correlation between weekly temperature and NO2, 
and a strong positive correlation between weekly CO and NO2. 
[Insert Table 3 here] 
When the models were ranked according to AIC, the model with the best fit contained SO2. 
The addition of other air pollutants did not improve the AIC or change the relationship 
between temperature and the hazard ratios of live birth or stillbirth (results not shown).  
Table 4 gives the hazard ratios and 95% confidence intervals for both live birth and stillbirth 
for the sociodemographic variables. All variables except sex of the were significantly 
associated with live birth (length of gestation). Having pre-eclampsia or pregnancy-induced 
hypertension increased the probability of live birth the most (hazard ratio: 1.61, 95% CI: 
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1.54, 1.68). The hazard ratio for live birth peaked in September (spring) relative to January 
(summer). 
For stillbirth, the variables that were statistically significantly associated were maternal 
smoking (hazard ratio: 1.27, 95% CI: 1.03, 1.56), Indigenous status (hazard ratio: 1.58, 
95% CI: 1.06, 2.37), and experiencing pre-eclampsia or pregnancy-induced hypertension 
(hazard ratio: 1.42, 95% CI: 1.03, 1.95). Month was also significantly associated with 
stillbirth. The hazard ratio for pregnancies in March was 0.54 (95% CI: 0.36, 0.82) compared 
with January. 
[Insert Table 4 here] 
Figure 1 shows the splines for stillbirth and live birth for the previous 4 weeks of temperature 
exposure before and after adjustment for SO2. Increasing mean temperatures increased the 
risk of stillbirth. At 12 °C the hazard ratio for stillbirth was approximately 0.3 compared with 
the reference temperature of 21 °C. The size of the effect was uncertain at low temperatures, 
as the confidence intervals were wide. Increasing mean temperature also increased the risk of 
live birth, although at higher temperatures than those for stillbirth. Hazard ratio for live birth 
was 0.96 at 15 °C relative to the reference temperature of 21 °C, and 1.02 at 25 °C. After 
adjusting for SO2 the effect on stillbirth remained the same, and the effect on live birth was 
slightly reduced. 
[Insert Figure 1 here] 
Figure 2 shows the splines for stillbirth and live birth for the previous week of temperature 
exposure. This figure therefore examines a more acute exposure than Figure 1. The patterns 
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in risk are similar to the longer exposure, except for a more pronounced reduction in the 
hazard ratio for stillbirth at higher temperatures. 
[Insert Figure 2 here] 
Figure 3 shows the effect of temperature in the last 4 weeks on stillbirth and live birth (after 
adjustment for SO2) by gestational period. For stillbirth, increasing temperatures increased 
the hazard ratio at earlier gestational ages (< 28 and 28–36 weeks), but not for term births 
(≥ 37 weeks). The effect was statistically significant for fetuses of < 28 weeks of gestation, 
and a small effect was found at 28–36 weeks of gestation.  
The hazard ratio for a live but extremely preterm birth (< 28 weeks) did not change with 
increasing temperatures in the last four weeks (Figure 3). The hazard ratio for a live preterm 
infant (28–36 weeks) was 1.20 at 27 °C compared with the reference temperature of 21 °C. 
We found a small but significant effect on live term birth (≥ 37 weeks). As the temperature 
increased from 16 °C to 21 °C the hazard ratio increased from 0.97 to 1.00.  
[Insert Figure 3 here] 
Figure 4 shows the effect of temperature in the last week on stillbirth and live birth (after 
adjustment for SO2) by gestational period. The results are similar to using temperature in the 
last four weeks (Figure 3), except for stillbirth during 28–36 weeks, as the hazard ratio 
changed little at colder temperatures.  
[Insert Figure 4 here] 
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We used the temperature exposure in the last four weeks across all gestational ages (Figure 1) 
to estimate the number of stillbirths. At 15 °C we would expect 353 stillbirths per 100,000 
pregnancies, compared with 610 stillbirths per 100,000 pregnancies at 23 °C.  
DISCUSSION 
In this study, increased temperatures increased the probability of stillbirth and preterm birth 
before 36 weeks and between 28–36 weeks of gestation, respectively. The risk of stillbirth, 
associated with high temperatures was greater in early gestation. The risk of stillbirth was 
also greater when using the last four weeks of temperature exposure compared with the last 
week. This means that high temperatures might have killed the fetus some time before birth 
(antepartum stillbirth) instead of during birth (intrapartum stillbirth). Keller and colleagues 
separated the two categories of stillbirth when investigating the seasonal pattern of stillbirth 
and reported that a pattern was significant only for antepartum stillbirths and not intrapartum 
stillbirths . This suggests that temperature should not only be considered an acute exposure 
(i.e. the last week of pregnancy), but that longer periods should also be considered.   
We estimated that at a temperature of 15 °C there would be 353 stillbirths per 100,000 
pregnancies compared with 610 stillbirths per 100,000 pregnancies at 23 °C, which is a 
dramatic decrease in stillbirths. There would be 353 estimated stillbirths per 100,000 
pregnancies at 15 °C, compared with 610 estimated stillbirths per 100,000 pregnancies at 23 
°C. We should be cautious about this result estimate however, given the uncertainty in the 
risk assessment shown by the wide confidence intervals in Figure 1. Also, for simplicity these 
estimates contrast two fixed temperatures, but this is unrealistic given the length of a 
pregnancy. 
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The hazard ratios in Figures 1 to 4 show no increased risk at the highest temperatures for 
either live or stillbirth, which is surprising given the extreme heat of Brisbane summers. One 
explanation is that pregnant women in Brisbane take more precautions during summer, such 
as using air conditioning (34). 
Six studies have investigated the relationship between ambient temperature and preterm birth 
and four found shorter gestations with increasing temperatures (10). Yackerson and 
colleagues found that preterm birth was correlated with maximum temperature on the day of 
birth (35). Our results are also consistent with three studies that found exposure to high 
temperatures during the week of birth were associated with increased rates of preterm labor 
(14) and preterm birth (13). Flouris and colleagues reported that increased temperatures 
during the month of birth were negatively correlated with gestational age (12).  
No previous studies have investigated the relationship between ambient temperatures and 
stillbirth, and this study is the first investigating the relationship between temperature and 
birth outcomes with a survival analysis. This method was applied in a study on the effect of 
air pollution on preterm birth (36) in which the authors reported that the method helped them 
identify the most vulnerable periods. 
We compared fetuses at the same stage of the pregnancy, thus avoiding the potential 
confounding by increasing probability of birth with increasing gestational age, as described 
by Darrow and colleagues (16). A common method had been to examine exposure during the 
last week, month or trimester before birth, without accounting for the different probabilities 
of giving birth at different gestational ages (12, 15, 35, 37). Survival analysis methods are 
recommended for future studies of time-dependent exposures on birth outcomes. 
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The physiological explanation for an effect of temperature on birth outcomes is unclear. 
Maternal hyperthermia has been reported to be associated with abortion and stillbirths, with 
lags of days to several weeks (38). A study of pregnant women who used a hot tub or jacuzzi 
during pregnancy showed that they were twice as likely to abort than women who did not 
(hazard ratio: 2.0, 95% CI: 1.3, 3.1). The risk of abortion increased with increasing water 
temperature, frequency of use, and use at early gestational ages (39). Maternal factors, 
including increased uterine activity could also contribute to preterm birth or stillbirth. Khamis 
and colleagues (40) found that application of heat to the abdominal wall of women in labor 
increased uterine activity. Dehydration caused by heat stress and sweating might also be 
harmful to the fetus. Insufficient fluids in the mother can decrease the amount of blood 
available to the fetus and induce uterine contractions (41).  
Other environmental factors might confound the association between temperature and birth 
outcomes. Ultraviolet radiation-induced synthesis in skin after exposure to the sun is our 
main source of vitamin D (42), and the vitamin D pool of the fetus depends strongly on the 
mother’s level (43). Because of the seasonal variation in sunlight, vitamin D nutritional status 
is best in summer and autumn and poorest in winter and spring (44). Recent research suggests 
that vitamin D influences fetal-placental development and has anti-inflammatory effects (45). 
The pregnancies of mothers with low vitamin D status have been found to be 0.7 weeks 
shorter (95% CI: –1.3, –0.1) than those with normal levels (46). We controlled for seasonal 
effects in this study and so hopefully reduced any potential confounding by Vitamin D. The 
hazard ratios for temperature were slightly altered in a model without adjusting for season, 
although the general pattern of reduced stillbirth risk and increased gestation at lower 
temperatures remained (Supplementary Data).  
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There were significant seasonal patterns in live and stillbirth (Table 4). The hazard ratio for 
live birth peaked in spring (September). The hazard ratios for stillbirth peaked in winter 
(July), and there was a significantly lower hazard ratio in March (autumn) compared with 
January (hazard ratio 0.54, 95% CI: 0.36, 0.82). These seasonal patterns may be due to 
seasonal changes in diet or activity, or because of seasonal changes in the population of 
pregnant women (16). 
This study has some limitations. We used the clinical assessment of gestational age instead of 
calculating it from last menstrual period. Clinical assessments are often influenced by the size 
of the infant at birth. This method has been shown to cause an overestimation of gestational 
age (47). We did not have information on postcode or suburb of residence. This information 
could have been used to suggest maternal socioeconomic status, which is a well-known 
determinant of birth outcomes. We did, however, include smoking status, which is highly 
correlated with socioeconomic status (48). We used mean weekly temperature and did not 
investigate the effect of maternal exposure to maximum or minimum temperature. Mean 
temperature is the most commonly used measure, and a recent study on mortality reported 
little difference in model fit between minimum, maximum, mean or apparent temperature 
(49). Our estimates of temperature and air pollution were based on a network of monitoring 
stations across the city, and might therefore be a poor measure of the actual exposure, 
particularly for those women who spend a lot of time indoors.  
Stillbirth is a rare outcome (only 0.6% in our cohort), and there is reason to believe that the 
influence of temperature is small, so that a large cohort followed over a long period would be 
needed to achieve sufficient statistical power. In the view of the wide confidence intervals 
found when investigating vulnerable weeks and periods of the pregnancy, we consider that an 
even larger cohort would be required to obtain more certain answers. 
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The birth files did not include spontaneous abortions before 20 weeks’ gestation. Given the 
associations found here, high temperatures might also be risky during early periods. We 
therefore recommend that future studies include spontaneous abortions.  
To get a better picture of the biological mechanism behind the adverse effect of hot 
temperatures, it would also be valuable to know whether the stillbirth was antepartum or 
intrapartum. We did not have this information for this study, but recommend that future 
studies distinguish between the two types of stillbirth. 
As global temperatures rise, the findings of this study have potentially serious public health 
implications. Pregnant mothers should be informed about the danger of high temperatures to 
their unborn infant and should be encouraged to protect themselves from overheating. As 
well as the obvious health benefits, reducing the occurrence of preterm birth and stillbirth 
would also have economic benefits and would reduce the stress on the health system. 
Stillbirth is a devastating event for families and it is important to identify its causes. The 
available knowledge must be extended to reduce and prevent adverse birth outcomes and to 
ensure that newborn infants get a good start in life, or get a start in life at all. 
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Figure legends 
 
Figure 1 
The effect of temperature in the last four weeks on the risk of stillbirth (top row) and live 
birth (bottom row) in Brisbane, Australia, July 2005 to June 2009. The thick black line shows 
the mean hazard ratio and the thinner black lines the 95% confidence intervals. The dotted 
horizontal line at 1 represents no change in risk. The reference temperature is 21 °C. The two 
graphs on the left show the hazard ratios unadjusted for SO2, and the two on the right after 
adjusting for SO2. 
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Figure 2 
The effect of temperature in the last week on the risk of stillbirth (top row) and live birth 
(bottom row) in Brisbane, Australia, July 2005 to June 2009. The thick black line shows the 
mean hazard ratio and the thinner black lines the 95% confidence intervals. The dotted 
horizontal line at 1 represents no change in risk. The reference temperature is 21°C. The two 
graphs on the left show the hazard ratios unadjusted for SO2, and the two on the right after 
adjusting for SO2. 
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Figure 3 
The effect of temperature in the last four weeks on the risk of stillbirth (top row) and live 
birth (bottom row) in each gestational period in Brisbane, Australia, July 2005 to June 2009. 
The thick black lines show the mean hazard ratios and the thinner black lines the 95% 
confidence intervals. The dotted horizontal line at 1 represents no change in risk. The 
reference temperature is 21 °C. The three top graphs show the hazard ratios of stillbirth in 
each gestational period and the three bottom graphs show the hazard ratios of live birth in 
each gestational period. All results are adjusted for SO2 in the last four weeks. 
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Figure 4 
The effect of temperature in the last week on the risk of stillbirth (top row) and live birth 
(bottom row) in each gestational period in Brisbane, Australia, July 2005 to June 2009. The 
thick black lines show the mean hazard ratios and the thinner black lines the 95% confidence 
intervals. The dotted horizontal line at 1 represents no change in risk. The reference 
temperature is 21 °C. The three top graphs show the hazard ratios of stillbirth in each 
gestational period and the three bottom graphs show the hazard ratios of live birth in each 
gestational period. All results are adjusted for SO2 in the last four weeks. 
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Tables 
Table 1. Characteristics of the Cohort, Brisbane, Australia, 2005–2009. 
 Births 
 n % 
Total births 101,870 100 
Birth outcome   
    Stillbirth 653 0.6 
    Live birth 101,217 99.4 
Sex of the infant   
     Male 52,647 51.7 
     Female 49,223 48.3 
Maternal  smoking   
     Non-smoker 83,548 82.0 
     Smoker 17,559 17.2 
     Missing 763 0.7 
Marital status   
     Married/De facto 87,439 86.3 
     Never married 12,791 12.6 
     Separated/Divorced 1,609 1.6 
     Missing 31 <  0.1 
Indigenous status   
     Indigenous 2,263 2.2 
     Non-indigenous 99,531 97.8 
     Missing 76 0.1 
Previous pregnancies    
     0 30,918 30.4 
     1–2 49,224 48.3 
     3–4 15,469 15.2 
     ≥ 5 6,259 6.1 
Pre-eclampsia/pregnancy-induced hypertension   
     No 96,606 94.8 
     Yes 5,264 5.2 
Maternal age (years), mean (SD)                                29.6 (5.8)  
Gestational age (weeks), median (IQR)   
    Live birth 39 (2)  
    Stillbirth 25 (13)  
SD = standard deviation; IQR = inter-quartile range 
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Table 2. Monthly Mean Temperature, Humidity, and Air Pollutants, Brisbane, Australia, 2005–2009.  
Hum = humidity; Temp = temperature; ppb = parts per billion; ppm = parts per million; µg/m3 = micrograms per cubic meter of air
 
 
January February March April May June July August September October November December 
Temp (°C) 25.4 25.0 23.7 21.6 18.5 16.2 15.4 16.3 19.1 21.6 22.8 24.7 
Hum (%) 71.9 72.7 70.2 69.6 69.9 72.7 66.4 64.9 69.5 68.2 70.2 68.5 
PM10 (ug/m3) 17.3 18.7 18.8 17.6 18.3 15.8 18.7 20.2 20.1 21.7 18.4 18.2 
PM2.5 (ug/m3) 4.8 5.1 5.4 5.1 6.1 6.4 7.0 8.0 7.0 6.9 5.9 5.4 
NO2 (ppb) 5.6 7.6 8.4 10.3 14.3 14.6 15.3 15.2 12.2 10.0 8.3 6.9 
O3 (ppb) 12.5 12.9 12.5 12.8 12.6 11.7 13.0 15.7 18.3 19.1 17.1 15.7 
SO2 (ppb) 0.92 0.98 1.15 1.05 1.12 1.12 1.07 1.25 1.02 1.05 0.93 0.78 
CO (ppm) 0.20 0.23 0.23 0.25 0.41 0.43 0.42 0.37 0.28 0.23 0.24 0.01 
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Table 3: Spearman’s Correlations between Weekly Estimates of Temperature, Humidity and 
Air Pollutants, Brisbane, Australia, 2005–2009 
 Temperature Humidity PM10 PM2.5 NO2 O3 CO 
Humidity 0.19       
PM10 0.09 –0.41      
PM2.5 –0.29 –0.35 0.70     
NO2 –0.83 –0.15 0.14 0.50    
O3 0.07 –0.33 0.35 0.32 –0.01   
CO –0.60 –0.03 0.11 0.43 0.73 –0.20  
SO2 –0.07 –0.09 0.10 0.24 0.27 0.09 0.23 
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Table 4. Hazard Ratios for Live Birth and Stillbirth, Brisbane, Australia, 2005–2009.  
 Live birth  Stillbirth 
 HR 95% CI  HR 95% CI 
Sex of the infant a 1.00 0.98, 1.01  1.00 0.86, 1.17 
Maternal smoking b 1.06 1.04, 1.08  1.27 1.03, 1.56 
Marital status c      
Never married 0.92 0.90, 0.95  1.25 0.98, 1.59 
Separated/divorced 0.95 0.89, 1.02  1.57 0.95, 2.60 
Indigenous status d 1.18 1.11, 1.26  1.58 1.06, 2.37 
Pre-eclampsia/pregnancy-
induced hypertension e 
1.61 1.54, 1.68  1.42 1.03, 1.95 
Month f      
February 1.02 0.99, 1.05  0.86 0.61, 1.23 
March 1.02 0.98, 1.06  0.54 0.36, 0.82 
April 1.01 0.97, 1.05  0.63 0.40, 1.01 
May 1.02 0.97, 1.08  0.65 0.36, 1.18 
June 1.01 0.94, 1.07  0.96 0.45, 2.03 
July 1.04 0.97, 1.11  1.13 0.50, 2.56 
August 1.10 1.03, 1.17  0.87 0.40, 1.87 
September 1.11 1.05, 1.17  0.91 0.50, 1.68 
October 1.06 1.01, 1.11  0.83 0.51, 1.36 
November 1.07 1.03, 1.11  0.70 0.46, 1.08 
December 1.06 1.02, 1.09  0.80 0.56, 1.13 
HR = hazard ratio, 95% CI = 95% Confidence interval after adjusting for: Temperature, 
humidity and SO2 in the last four weeks; mother’s age and secular trends; a Reference 
category = Female, b Reference category = No, c Reference category = Married, d Reference 
category = Non-Indigenous, e Reference category = No, f Reference category = January  
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The effect of temperature in the last four weeks on the risk of stillbirth (top row) and live birth 
(bottom row) in Brisbane, Australia, July 2005 to June 2009. The thick black line shows the mean 
hazard ratio and the thinner black lines the 95% confidence intervals. The dotted horizontal line at 1 
represents no change in risk. The reference temperature is 21 °C. The two graphs on the left show 
the hazard ratios unadjusted for SO2, and the two on the right after adjusting for SO2.  
114x114mm (600 x 600 DPI)  
 
 
Page 28 of 31American Journal of Epidemiology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
  
 
 
The effect of temperature in the last week on the risk of stillbirth (top row) and live birth (bottom 
row) in Brisbane, Australia, July 2005 to June 2009. The thick black line shows the mean hazard 
ratio and the thinner black lines the 95% confidence intervals. The dotted horizontal line at 1 
represents no change in risk. The reference temperature is 21°C. The two graphs on the left show 
the hazard ratios unadjusted for SO2, and the two on the right after adjusting for SO2.  
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The effect of temperature in the last four weeks on the risk of stillbirth (top row) and live birth 
(bottom row) in each gestational period in Brisbane, Australia, July 2005 to June 2009. The thick 
black lines show the mean hazard ratios and the thinner black lines the 95% confidence intervals. 
The dotted horizontal line at 1 represents no change in risk. The reference temperature is 21 °C. 
The three top graphs show the hazard ratios of stillbirth in each gestational period and the three 
bottom graphs show the hazard ratios of live birth in each gestational period. All results are 
adjusted for SO2 in the last four weeks.  
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The effect of temperature in the last week on the risk of stillbirth (top row) and live birth (bottom 
row) in each gestational period in Brisbane, Australia, July 2005 to June 2009. The thick black lines 
show the mean hazard ratios and the thinner black lines the 95% confidence intervals. The dotted 
horizontal line at 1 represents no change in risk. The reference temperature is 21 °C. The three top 
graphs show the hazard ratios of stillbirth in each gestational period and the three bottom graphs 
show the hazard ratios of live birth in each gestational period. All results are adjusted for SO2 in the 
last four weeks.  
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